The magnetic properties of 56 samples of basalt from DSDP Leg 82 were studied in order to examine regional variations as well as the general question of the origin or remanence. Magnetization was carried, for the most part, by typical low temperature oxidized titanomagnetites, although two samples did show anomalous thermomagnetic curves. The natural remanence is distinctly different from an anhysteretic remanent magnetization and is hypothesized (by inference) to also be different from a thermoremanent magnetization (TRM) also. This suggests that alteration not only reduces the initial TRM but also changes it to chemical remanent magnetization with a significantly different magnetic character. An examination of thermomagnetic data tentatively suggests that the ulvospinel content of the titanomagnetites may be more variable than is commonly assumed. With the exception of a slight increase in saturation magnetization with decreasing latitude, no significant regional variations were evident.
INTRODUCTION
This paper reports on the magnetic properties of 56 samples of basalt from eight of the nine sites drilled on DSDP Leg 82 (no significant amount of basalt was recovered from Site 560). These sites were distributed over a fairly broad area and thus offer an opportunity to study the extent to which magnetic properties of the upper basement vary horizontally.
We measured a number of magnetic parameters including:
1. intensity, direction, and stability of natural remanent magnetization (NRM); 2. weak field susceptibility (x 0 ). 3. hysteresis loop parameters, i.e., saturation magnetization, J s ; saturation remanence, J rs ; coercivity, H c ; remanent coercivity, H cr ; and paramagnetic susceptibility, Xp 4. Curie temperature, T c , and thermomagnetic curve analysis; and 5. intensity and stability of anhysteretic remanent magnetization (ARM).
METHODS
Magnetic remanence measurements were made on a Schonstedt spinner magnetometer. Alternating field (AF) demagnetization was performed on a single axis Schonstedt demagnetizer. Each step was repeated for three orthogonal directions to ensure complete demagnetization. For ARM induction, we also used this instrument with a 0.5 Oe static bias field and a peak AF field (coaxial) of 1000 Oe.
Hysteresis loops were obtained with a Princeton Applied Research vibrating sample magnetometer coupled to an x-y recorder. Thermomagnetic measurements were also made on this instrument with an automatically controlled heating rate (20°C/minute) in a vacuum of better than 10~6 torn Temperature calibration is based on measurements of pure Ni (T c = 358°C) and pure Fe 3 O 4 (T c = 580°C). Values are obtained with the graphical method (Moskowitz, 1981) . Note: Samples that could not be assigned to a particular rock type were included in the final averages.
the field to change significantly (1000 yr. or so). This phenomenon seems a local one; nearby samples with otherwise similar characteristics show no such behavior. Multicomponent remanence does not seem to be associated with any particular rock type. Koenigsberger ratios were generally large, usually in excess of 10 and often much higher.
Hystersis Loop Parameters
Hysteresis loop parameters provide a measure of the intrinsic magnetic properties of the samples and are useful in studying the origin of remanence. They are given in Appendix B at the end of this chapter.
Saturation magnetization, J s , is a measure of the total amount of magnetic material present (if the composition is known, it is an exact measure). Average values of J s are given in Table 2 . With the exception of Sites 562 and 563, the variation of J s between rock types is similar to that of J N and suggests that the primary cause of variation in remanence is simply the amount of magnetic carrier present. There appears to be an increase in J s as the latitude decreases, although the small number of sites precludes any meaningful statistical test.
Coercivity, H c , is similar, though not identical, to the MDF as a measure of magnetic stability. Figure 1A shows a comparison of H c and MDF N and Figure IB shows H c and MDF A . As can be seen, there is substantially less scatter for H C -MDF A graph. This is one piece of evidence (to be discussed later) that ARM and NRM are significantly different in these samples.
The two ratios, J rs /J s and H cr /H c , are commonly interpreted as indicators of domain state (Day et al., 1977) . The values for these samples suggest that they contain predominantly single-domain or small pseudo-single domain grains with sizes of a few microns at most. An alternate possibility is that the sample contains larger (10-20 µm) grains that are in a metastable single-domain state (Halgedahl and Fuller, 1983) . Future polished section work should help clarify this issue.
Curie Temperature
The Curie temperature, T c , is the temperature below which a magnetic material becomes magnetically ordered. The value for titanomagnetites is very sensitive to both Ti content (usually expressed as the proportion of ulvospinel to magnetite) and degree of low temperature oxidation (Syono, 1965; Readman and O'Reilly, 1972; Moskowitz and Banerjee, 1981) . Generally, T c decreases with increasing Ti content and increases with oxidation. When a low temperature oxidized titanomagnetite (titanomaghemite) is heated, it produces the characteristic thermomagnetic curve seen in Figure 2A . The second maximum is due to the fact that titanomaghemite is metastable and inverts upon heating to a two-phase mixture with compositions close to magnetite and ilmenite. This causes a large difference in T c measured from the heating and cooling curves, as well as a marked increase in magnetization.
There were only a few exceptions to the above pattern. Two samples had an initial T c greater than 450°C (556-8-2, 80-83 cm and 564-6-2, 104-107 cm). Both were pillow margins and may have been partially deuterically altered at high temperature. Two other samples (561-3-1, 67-70 cm and 562-5-2, 104-107 cm) have somewhat unusual curves ( Fig. 2B ) with normal heating portions but apparently very low T c cooling curves. We have, as yet, no explanation for this odd behavior, although reduction caused by presence of sulfides is a possibility. Two samples (557-1-1, 46-49 cm and 562-1-2, 27-30 cm) had very low T c values and appear to be relatively unaltered. Averages for the remaining more or less normal samples are given in Table 3 . Pillow margins have consistently higher T c suggesting that they are more altered than their interiors. The same is true for flows, with the exception of Site 562. There seems to be a general trend towards higher T c 's for older rocks but it is not very well defined.
It has been commonly accepted that the ulvospinel content of marine titanomagnetites is relatively constant (Johnson, 1979) , although Steiner (1982) suggests that more variability may exist. Unfortunately, this is a difficult question to approach experimentally because the grains that carry much of the remanence are too small for direct measurement of their composition (e.g., by electron microprobe). Curie points are governed by both composition and oxidation state and hence are ambiguous. One way to circumvent this problem is suggested by O'Reilly (1983) who shows that for his synthetic x = 0.6 titanomaghemites, there is a definite relationship between oxidation state (or T c ) and the ratio of J s before inversion to that after inversion (Jf/Jj). All of our samples were heated well beyond the inversion temperature (~35O°C, O'Reilly, 1983) in the process of measuring T c (maximum temperature was about 620°C). Although the heating runs were relatively rapid (20°C/min), reruns of several samples showed little or no additional change in J s , indicating that the bulk of the inversion process was com-plete after the first heating. Figure 3 shows our data along with the trend from O'Reilly (1983) . Two things are immediately obvious; (1) there is no trend and (2) most of our values exceed those of O'Reilly, some by a substantial amount. It is possible that there are some differences in the way in which the samples were inverted but this seems unlikely. Maximum temperatures were close to those of O'Reilly, and variations in vacuum and the possible presence of reducing agents do not seem sufficient to produce large discrepancies, although this matter needs further study. One factor that may contribute to the scatter of the data is variability in oxidation state among the various titanomaghemite grains in a sample; T c tends to reflect the most oxidized grains, whereas J f /Jj includes the whole assemblage. This mechanism does not, however, explain the large values of J f /Jj relative to O'Reilly's results. We can find two possible explanations (not mutually exclusive) that could account for this discrepancy. One is that the seafloor oxidation process differed significantly from that to which O'Reilly's samples were exposed. The other is that the compositions of oceanic titanomagnetites are not as constant as has been commonly assumed. In all probability, two, or even all three, of these possible factors are present along with others that are less obvious. Further work is clearly necessary to resolve this issue. 
Anhysteretic Remanent Magnetization
ARM is often used as a model for thermoremanent magnetization (TRM) because it does not require heating and consequent alteration of the sample. Levi and Merrill (1976) found that ARM intensity is usually less than TRM by a factor that varies but is generally greater than two (the exceptions were two large single crystals of magnetite that are not comparable to these samples). They also found that ARM and TRM had very similar AF demagnetization curves. In order to study the effect of low temperature oxidation on the original TRM, all samples were given an ARM, which was subsequently AF demagnetized. If the remanence is still essentially the original TRM, one would expect that the ARM intensity (J A ) would be less than half of the NRM value (J N ), and the median demagnetizing fields (MDF A and MDF N , respectively) should be about equal. This is generally not the case with our samples. J A /JN is greater than 0.5 in most cases, sometimes much greater (e.g., 559-6-2, 50-53 cm), and MDF A /MDF N generally is significantly less than 1.0 (Appendix A).
There are several sources of uncertainty in this comparison that should be considered in interpreting these data. J A is a function of the inducing field and hence may be different from the actual field in which magnetization took place. However, it should be within, at most, ± 50%. The MDF is not very sensitive to inducing field, and that comparison is probably reasonably accurate. Multicomponent remanence tends to produce an apparently harder demagnetization curve (i.e., greater MDF) than a comparable single component (this is a result of the geometry of vector demagnetization curves and has nothing to do with intrinsic magnetic properties). This effect is generally small and is not found in all samples in any case. Often a significant portion of the NRM is left at 1000 Oe (the limit of our machine). MDF A would then only reflect the portion of the grains that can be affected by 1000-Oe fields and would be somewhat lower than MDF N . This difference is easily corrected for, however, and is not sufficient to eliminate the disparity in MDF in many, if not most, samples. The comparison of results with those of Levi and Merrill (1976) may not be valid. They worked with pure magnetite, and only one of their samples was in the single-domain size range found for most (though not all) of the Leg 82 rocks (note that this sample had J A /J N = 0.24 and MDF A / MDF N = 1.2). Although further work is necessary, the consistency of their results suggests that more directly comparable samples would show similar behavior.
All factors taken into consideration, many, if not most, of the samples still seem to show distinctly different behaviors for NRM and ARM (and presumably TRM). It is well known that oxidation tends to decrease remanence and increase stability relative to their original values (e.g., Johnson, 1979) . We tentatively conclude from these data that oxidation also causes these same changes relative to intrinsic (oxidized) magnetic parameters. This behavior suggests that we are not simply seeing a reduction in TRM but, in fact, its replacement by a chemical rema-nence with entirely different character, as in fact suggested by Hall (1977) on somewhat different grounds. Unfortunately, these data tell us nothing about possible effects on the direction of remanence.
SUMMARY
In general, these basalts are very similar to other such rocks recovered by DSDP. The most notable distinction was that they were unusually stable magnetically. Although they span a broad area of seafloor, they show no substantial trends either with latitude or age; however, there appears to be a small increase in J s with decreasing latitude. The remanence appears to be dominated by a chemical remanent magnetization produced by low temperature alteration of the original TRM-bearing titanomagnetites. This remanence seems to be distinctly different from what would exist if the samples could be given a TRM in their oxidized state, having a lesser remanence and a greater stability. Nevertheless, the validity of the ARM-TRM analogy remains to be confirmed. There is also some evidence that the Ti content of the titanomagnetites may be more variable than often supposed. This too will require further study.
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APPENDIX A Remanent Properties
Core-Section (interval in cm) 
1.2
Note: Js is saturation magnetization; Jr is saturation remanence; Hc is coercivity; Hcr is remanent coercivity; x is paramagnetic susceptibility; Tc is Curie temperature; Jf is Js after inversion; Jj is Js before inversion. The heating value of Tc is that before inversion; the cooling value follows heating to about 620°. a Tc too low to be measured accurately.
